When vegetation or soil changes caused by natural or human activities occur in a watershed, flow discharge may or may not change; potential changes in flow discharge have become a major issue in hydrology. Variation in watershed conditions may affect flow discharge, and these effects can often be generalized as pertaining to changes in the flow mechanism; it is too difficult to study about above mentioned issue in a real catchment thus, simulation models can be developed. Many studies have predicted possible future changes through the use of simulation models. However, the predictive results of these models require verification. Deforestation is one case in which verification can be performed with comparative ease, and the study of logged forests in a test field has been a longstanding goal in forest hydrology (Bosch and Hewlett, 1982) . In recent years, large-scale deforestation has increased in Nan Province, northern Thailand, and the impact on the hydrological environment due to deforestation has become a concern. In this study, historical changes in the rainfall duration curve and flow duration curve (FDC) were examined by statistical analysis using hydrological data for a 42-year period obtained from the upper Nan River watershed. Daily rainfall did not show any significant increasing trend over the study period. However, low-flow discharge and drought-flow discharge in the FDC both increased significantly. Especially, the drought-flow discharge, from 86 % to 96 % of the annual time flow exceeded (days 314-351), increased with a significance level of 0.001. According to previous research, natural forest decreased by about 41.5 % (from 856,246 to 500,439 ha) and agricultural land increased by about 51.5 % (from 342,997 to 518,257 ha) in Nan Province over a 17-year period (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012). This largescale land-use change is thought to have influenced the change in the FDC.
Ⅰ．INTRODUCTION
When vegetation or soil changes caused by natural or human activities occur in a watershed, flow discharge may or may not change; potential changes in flow discharge have become a major issue in hydrology. Variation in watershed conditions may affect flow discharge, and these effects can often be generalized as pertaining to changes in the flow mechanism; it is too difficult to study about above mentioned issue in a real catchment thus, simulation models can be developed. Many studies have predicted possible future changes through the use of simulation models. However, the predictive results of these models require verification. Deforestation is one case in which verification can be performed with comparative ease, and the study of logged forests in a test field has been a longstanding goal in forest hydrology (Bosch and Hewlett, 1982) .
Many previous studies have reported that large-scale land use/cover changes can affect the water circulation system. For instance, Kanae et al. (2001) reported that large-scale deforestation had caused a decrease in monthly rainfall in September in the Indochina Peninsula. Zhang et al. (2008) investigated whether climate or land use/cover had a strong relationship with stream flow changes in the middle of the Loess Plateau, China, and found that land use/cover changes were related to a large number of soil conservation measures, including both biological and engineering measures, explained more than 50 % of the reduction in mean annual streamflow in eight of eleven catchments. However, precipitation and potential evaporation contributed more significantly to reduced streamflow in the three remaining catchments. Trang et al. (2017) projected future influences of both climate and land-use changes on the hydrology and water quality of three important tributaries in the watershed of the Mekong River, using the Soil and Water Assessment Tool (SWAT) coupled with outputs from five global circulation models (GCMs). As a result, both annual and wet season discharges were projected to increase, but dry season discharge was projected to decrease.
Large-scale deforestation, including of national park land, has been ongoing in northern Thailand (Delang, 2002) . During 1995-2012, natural forest was reduced by 41.5 % (from 856,246 to 500,439 ha) in Nan Province (Baicha, 2016) . On the other hand, agricultural area in Nan Province increased by 51.1 % (from 342,997 to 518,257 ha) in the same period of 1995-2012 (Baicha, 2016) . Thus, large-scale land use in Nan Province has changed considerably.
This study focused on the upper Nan River watershed, which covers almost all of Nan Province of northern Thailand, and statistically analyzed changes in the flow regime in the upper Nan River. monthly rainfall in December, January, and February were less than 10 mm.
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Ⅲ． MANN-KENDALLTRENDTESTAND DATASET
The Mann-Kendall trend test, one of the statistical trend tests most frequently applied to hydro-meteorological data, is a nonparametric analysis method that uses ranked data without assuming a probability distribution. The MannKendall test statistic (S) is defined as follows:
where n is the data set length and xj and xk are sequential data values.
Under the null hypothesis that no trend exists in the data, the distribution of S is expected to have the following mean and variance.
The normal Z statistic is calculated as
The null hypothesis is rejected at the significance level
, where Z1-α/2 is the value of the standard normal distribution with a probability of exceedance of α/2. S > 0 indicates a positive trend and S < 0 is a negative trend of the time series data xi.
In this study, daily runoff data from the upper Nan In addition, the characteristics of a catchment can be clarified using the FDC and RDC.
First, the trend test results of daily rainfall are shown in Finally, flood discharge (Q5%; day 18), plentiful discharge (Q25%; day 91), normal discharge (Q50%; day 183), low flow discharge (Q75%; day 274), and drought water discharge (Q95%; day 347), which are among the most important parameters of water resource development,
were examined by trend analysis using the nonparametric Mann-Kendall test (Fig. 6 and Table 1 ). All daily runoff parameters showed a positive trend. In particular, the low flow discharge (Q75%; day 274) had a positive trend with a 1974-1987, 1988-2001, and 2002-2015) . The slope of the trend of drought water discharge (Q95%; day 347) As evapotranspiration increases, the ratio of runoff to rainfall decreases. Thus, when forest is logged, evapotranspiration decreases and runoff increases, and after the forest recovers, evapotranspiration increases and runoff decreases. Forests contain a high number of trees compared to areas in which trees have been cut down;
thus, forests possess the aerodynamic characteristic of high evaporation. In forests, evaporation from wet canopies is high, and transpiration decreases minimally even during the dry season because the forest root deeply (Tanaka et al., 2003) .
It was shown that flow discharges had increased in most of the flow duration curve, that the amount of Mann-Kendall Fig. 7 Change in land-use percentages of forest land (including evergreen forest, deciduous forest, and forest plantation) and agricultural land (including plantations of perennial crops, areas of slash-and-burn agriculture, fields with unirrigated crops, pastures, paddy fields, and orchards) in Nan Province derived from the dataset reported by Baicha (2016) . increase was larger at high water, and that the rate of increase was larger at low water (e.g. Nakano et al., 1963; Abe and Tani, 1985; Tamai et al., 2004; Maita and Suzuki, 2008) . Also, in this study watershed, almost all of the flow duration curve showed an increase tendency, and low flow showed a strong increase tendency (see Fig. 5 ). On the other hand, annual runoff did not have any trend (Fig. 3) .
One of the reasons was that land use changed from forest to cultivated land following deforestation in Nan Province (Fig. 7) . It is very difficult to comprehend the actual situation of the cultivated area in detail because statistical management is difficult, due to illegal land-use change, such as by deforestation. However, it is believed that there is a close relationship between the significant increase trend of drought water discharge (Q95%; day 347) and large-scale land-use change.
In the future, detailed analysis of land-use change will be needed and further rainfall data analysis will be required because the study watershed lacks long-term rainfall data in the mountainous area (shown in Fig. 1 ).
